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Nutritional Support of the Brain Injured Patient: Five Years of
Clinical Study in Perspective
Diana L . Twyman, MS, RD,* and Brack A. Bivins, MD^

D

espite the recognition of posthead injury hypermetabolism
and potential for nutritional deficiency, few attempts to provide early nutritional support were reported in the world medical
literature prior to the early 1980s (1-5). Feeding was conventionally delayed until the retum of good gastrointestinal function. Unfortunately, the delay in recovery of gastrointestinal
function is often prolonged when head injuries result in coma
and require mechanical ventilation. Early reports of the favorable effects of total parenteral nutrition (TPN) given after head
injury were anecdotal yet suggested that functional recovery
from cerebral edema was improved by the provision of aggressive nutritional support (4,5). This improvement was believed to be due to a decrease in the expansion of extracellular
fluid associated with the decreased albumin synthesis of starvation, which is improved with the provision of protein and calories (4,5).
At the cellular level after brain trauma, interstitial edema occurs in the white matter with local increases in volume which are
twice that of the cortex. This edema fluid has a protein content
which conesponds to plasma protein levels. The progression of
brain edema is associated with increased white matter serotonin,
decreased intracellular ATP and creatine phosphate, and a metabolic shift to anerobic metabolism with lactate accumulation as
the edema produces changes which decrease local tissue oxygen
supply (5). The problems of cerebral edema and increased intracranial pressure (ICP) have resulted in a great deal of reluctance
in the past to add TPN to the therapeutic fluid load. In the late
1970s, the standard of care was to avoid the use of TPN altogether and await the return of intestinal motility rather than
risk the unknown effects of TPN on brain edema.
In early 1980, we and our colleagues at the University of Kentucky began what was to become a series of clinical smdies of
nutritional suppxirt in the head-injured patient (6-11). The first
study sought to decrease the duration of respirator support required in the severely head-injured patient by providing adequate nutritional support and thereby reducing the marked muscle wasting catabolism apparent in the early days following head
injury. The results of that study indicated that provision of nutritional support significantly improved survival in the headinjured patient and suggested that long-term functional outcome
may be improved as well. That original work and the smdies that
have followed both by us and others have documented the importance of nutritional support in the patient with severe brain injury. This paper reviews some of fliis work and ouflines promising areas for further research utUizing nutritional and metabolic
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support as an important therapeutic modality for improving the
prognosis of the patient with severe brain injury.

Parenteral Versus Enteral Feedings After
Brain Injury: A Randomized TVial
A randomized prospective controlled trial was conducted on
38 patients with severe head injury to determine the safety and
efficacy of TPN as compared to delayed enteral nutrition (SEN)
after brain injury (6). All patients had peak Glasgow Coma
Scores (GCS) of 3 to 9 in the first 24 hours after admission. The
GCS score ranges from 3 (no eye, motor, or verbal response)
to 15 (a full eye, motor, and verbal response). These patients were randomly assigned to receive TPN within 48 hours
(20 patients) or SEN upon retum of gastrointestinal function (18
patients). Clinical and nutritional data were collected until death
or for the first 18 days of hospitalization. Survival and functional
recovery were monitored in survivors for one year. Demographically, the two groups of patients were similar on admission with
no significant difference in the mean admission GCS scores (7.2
± 0.6 and 7.7 ± 0.6 for SEN and TPN patients, respectively)
(Table 1).
The analysis of baseline data depended on the type of data
being analyzed. Categorical data were analyzed using chisquare tests or Fisher's exact test if expected cell frequencies
were low. Continuous data were analyzed using an independent
samples t-test. Data collected sequentially over time were analyzed using a repeated-measure analysis of variance. The data
derived by treatment-group interaction were used to test whether
the change over time was the same for the two treatment groups.
Due to the failure of SEN parients to tolerate early enteral
feedings, there was a highly significant difference between
groups in mean intakes of calories (p = 0.001) and nitrogen (p
= 0.002) (Fig 1 and 2, respectively). The mean calorie intake
was 1750 kcal/day with 10 g nitrogen for TPN patients and 685
kcal/day with 4 g nitrogen for SEN patients. Nitrogen excretion
was similar in both groups, resulting in a much greater degree of
negative nitrogen balance (Fig 2), immune system anergy man-
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Table 1
Clinical Data and Nutritional Parameters*
Clinical
Data
Number of cases
Age (years)
Height (cm)
Weight (kg)
Urine urea nitrogen
(initial 24 hours)
Semm albumin
(M.g/dL)
Transferrin (ptg/dL)
Total lymphocyte
count (cells/mm')
Triceps skin fold (mm)
Midarm muscle
circumference (cm)
Peak temperature during
first 24 hours (°C)

3
O

SEN Patients
(mean + SD)
18
34.9 ± 3.76
177.8 ± 2.39
59.3 ± 6.99
15.9 ± 1.08

TPN Patients
(mean -t- SD)
20
29.2 ± 4.12
174.2 ± 3.67
58.5 ± 6.69
18.0 ± 1.24

P
Value

3.82 ± 1.88

3.72 ± 1.58

0.67

258.1 ± 15.31

276,8 ± 23,35

0.50

1350 ± 199

1427 ± 211

0.79
0.10

CD

16.0 ± 1.17

13.3 ± 1.04
0.24

o

25.1 ± 0.73

0.32
0.42
0,94
0.24

26.4 ± 0,79

LJ
O

<
<
LJ

iS>

0.02

38.6 ± 0.2
38.0 ± 0.2
•Admission data for patients receiving standard enteral nud-ilion (SEN) and lolal parenteral nutrition (TPN).
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Fig 2—Nitrogen balance data for SEN and TPN patients.

three patients. The patient with a low GCS score died a brain
death secondary to elevated intracranial pressure.
One year after injury, only seven of the 15 TPN patients hav1400
ing an unfavorable outcome at 18 days remained in this category
as compared to 11 of 14 patients in the SEN group (including one
1200
additional death) (Table 3). The administration of early TPN apIOOO
pears to have helped prevent early death and thereby provided
800 —
flie opportunity for eventual neurological recovery in a high pro600 portion of cases. The data from this study not only supported
400 TPN as being safe and effective, but raised new doubts and
200 —
questions conceming the safety and efficacy of delayed standard
enteral nutrition, which had previously been considered the
1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 standard form of therapy.
DAYS

1800
I6(XI

Fig I—Calorie intake for TPN and SEN patients.

High Protein Enteral Feedings After Brain Injury

In an aH;empt to improve the provision of early enteral nutiition after severe head injury (and to address criticisms of the
routine use of early TPN after head injury), an enteral feeding
ifest by absent skin test reactivity (Fig 3), and decreased seram
ti-ansferrin levels in SEN patients. The most strikingfindingwas tiial was conducted (7). Twenty-one head-injured patients were
randomized to receive either mbe feeding containing 1 g nitrothat eight (44%) of the 18 SEN patients died during the first 18
gen/150 calories (control group) or tube feeding containing 1 g
days following head injury whereas no TPN patient died during
niti-ogen/90 calories (smdy group) (Table 4). Baseline data infliis period (p = 0.0001) (Table 2). After flie 18-day study pecluding demographic characteristics were analyzed by a t-test or
riod, one additional SEN patient and three TPN patients died,
x^ test (Fisher's exact test for contingency tables with all low frecomprising a total of three TPN and nine SEN group mortalities
quencies) depending on whether continuous or categorical data
(p = 0.02). When patients were stratified according to GCS
were involved, respectively. Data observed overtimewere anascores, one patient with a low GCS score, four patients with inlyzed by a repeated-measures analysis of variance. The group by
termediate GCS scores, and three with high GCS scores died.
day
interaction tests whether the change in a variable over time
There was no difference between groups in daily ICP or the
was
flie same for both nutiition groups. Nasointestinal feeding
change in ICP over the study period.
tube
placement was attempted to bypass the pyloras, reduce gasThe cause of death for all three patients with high GCS scores
tric
residual
aspiration, and institute enteral feedings earlier.
was primarily sepsis. The primary cause of death in all four paMetoclopramide
was given to assist tube passage into the jetients with intermediate GCS scores was their brain injuries, aljunum.
Continuous
enteral feedings were used to deliver small
though sepsis was considered a contributing cause of death in
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Table 2
Analysis of Deaths by Highest GCS Score
Within 24 Hours After Admission
GCS Score
Patient
Group

TPN Patients

Admission
Total
GCS Score
Cases
(mean + SD)

3 to 4

5 to 7

8

SEN patients
Number of patients
Deaths by 18 days
Deaths 18 to 83 days
Total deaths

2
I
I
2

8
4
0
4

8
3
0
3

18
8*
1
9t

TPN patients
Number of patients
Deaths by 18 days
Deaths 18 to 83 days
Total deaths

1
0
1
1

10
0
1
1

9
0
1
I

20
0*
3
3t

7.2 ± 0.60

Clinical
Condition

Control Group
standard protein
feeding
11

Study Group
high protein
feeding

I
I
12
3
3

5
7
2
2
3

2
2
4
1
9

@ I Year
3
4
1
0
10

*TPN = total parenteral nutrition. SEN = standard enteral nutrition.
tOne patient was lost lo follow-up review.

CO

50 I -

-z.
c
i-

40

LJ
Q:

30

o
<

Table 4
Mean Calorie and Nitrogen Data

SEN Patients

@ Discharge @ 1 Yeart @ Discharge

Good recovery
Moderate disability
Severe disability
Vegetative state
Dead

7,7 ± 0,56

•Significance = p< 0.001.
tp < 0.02.
GCS = Glasgow coma scale. SEN = standard enteral nutrition. TPN = total parenteral nutrition.

Number of patients
Calorie intake
Total keal
kcal/kg
Nitrogen intake
Nitrogen/day (g)
Protein/g/kg (g)
Nitrogen excretion
Urea nitrogen (g/day)
Mean daily
Nitrogen balance
Uncorrected
Corrected
Cumulative
Nitrogen balance
Uncorrected*
Correctedt

Table 3
Condition of 20 TPN Patients and 18 SEN Patients
at Discharge and at One Year Postinjury*

hco

^

SEN

1

I TPN

p=.04
I

'

1

LJ

20

10

3082 ( ± 31.06)
42.1 ( ± I.OO)

3192 ( ± 32.18)
39.7 ( ± 1.18)

p = 0.56

18.1 ( ± 0.23)
1.5 ( ± 0.0008)

27,8 ( ± 0.23)
2.2 ( ± 0.005)

p < 0.0001

21.0 ( ± 0.52)

26,3 ( ± 0.55)

p = 0.03

-2.8 ( ± 0.52)
-3.23 ( ± 0.59)

1.5 ( ± 0,54)
1.6 ( ± 0.58)

p = 0.02
p = 0.006

- 3 1 . 9 ( ± 5.66)
-31.2 ( ± 5.31)

10.8 ( ± 5.24)
9.2 ( ± 4.91)

p = 0.0002
p = 0.04

10

I

7

14

7o ON D E C A D R O N
o
cc
Q

•Uncorrected nitrogen balance = urine urea nitrogen (g) + 4 g — nitrogen intake (g).
tCorrected nitrogen balance = (uncorrected nitrogen balance) — (daily BUN - baseline BUN) X Isex factor x weight (kg)]. Sex factor: male = 0.55; female = 0.50.

volumes. Feedings were started as soon as intestinal tube placement could be accomplished or when gastric residuals were less
than 200 mL/2 hr. The hypothesis tested was that a nonprotein
calorie to nitrogen ratio of 90:1 is required to achieve positive
nitrogen balance after head injury.
Despite efforts to expedite enteral feedings, a mean of 10 days
lapsed before full rate, full strength tube feedings could be
safely administered. Nasointestinal tube placement was successful in only four of 21 patients. Enteral tolerance was defined
as the absence of vomiting, distention, severe dianhea, and excessive gastric residuals. Severe dianhea, intestinal ileus, and
high nasogastric output were the primary impediments to enteral
feedings during the first ten days of hospitalization in those
being fed in the small bowel as well as the stomach. Access to
the small bowel short of jejunal catheterization was limited due
to small bowel ileus and small bowel mbe dislodgement once
feeding tubes were placed. The success of weighted tube passage into the small bowel was less than 10% unless endoscopic
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Fig 3—Skin test reactivity of SEN and TPN patients correlated
with steroid usage.
assistance was used. Thesefindingsindicate that enteral feedings may be impractical during the first week postinjury in most
severely head-injured patients. Once feedings were tolerated,
patients receiving the high protein mbe feeding attained a significantly greater daily (Fig 4) and cumulative (Fig 5) nitrogen balance despite higher nitrogen excretions (Table 4). Both groups of
patients received similar amounts of calories per kilogram. We
concluded from these results that high nitrogen feedings (approximately 2 g nitrogen/kg) are required to replace the massive
nitrogen losses seen in these patients.
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Fig 5—Cumulative nitrogen balance for study and control
group patients. (From Twyman DL, Young AB, Ott L, Norton
JA, Bivins BA. High protein enteral feedings; A means of
achieving positive nitrogen balance in head-injured patients.
JPEN, Vol 9, No 6. 679-84, © by Williams & Wilkins, 1985.
Reprinted with permission.)

Fig 4—Daily corrected nitrogen balances for study and control
group patients. (From Twyman DL, Young AB, Ott L, Norton
JA, Bivins BA. High protein enteral feedings; A means of
achieving positive nitrogen balance in head-injured patients.
JPEN, Vol 9, No 6, 679-84, © by Williams & Wilkins, 1985.
Reprinted with permission.)

icaliy defined as a reduction in endogenous protein catabolism
in response to exogenous protein or calories. For the purpose of
analysis, patient data were sti-atified into six groups according to
caloric intake as a fraction of basal energy expendimre (BEE)
using the Harris-Benedict equation (Table 5). They ranged from
< 50% to > 200% of BEE. Niti-ogen intake ranged from 0.8
g/day when caloric intakes were lowest to 22.7 g/day with the
The Failure of Protein Conservation
highest caloric intakes.
After Brain Injury
Nitrogen excretion was lowest when caloric intake was lowest
and greatest at a mean 25.7 g/day when die caloric intake was
The results of the previous two investigations called our attenbetween 150% and 175% of calculated BEE. In general, as cation to the protein catabolic response following head injury.
loric intakes increased, so did the intake of nitrogen concunent
Whereas the mean nitrogen excretion was 21 to 26 g/24 hr in the
with increases in nitrogen excretion. Nitrogen balance varied diwhole population, a subgroup of head-injured patients (about
rectly with niti-ogen intake. At the lowest nitrogen intake (0.8
20%) consistently excreted nitrogen in excess of 30 g/24 hr for
g/day), nitrogen balance was also the most negative at —15.3
the entire smdy period despite the provision of presumably adeg/day. As nitrogen intakes rose to approximate the quantities
quate calories and protein. When used as an index of metabolic
lost, niti-ogen balance approached positive levels.
stress, this level of nitrogen excretion is unprecedented as a conFor data analysis, partial conelation coefficients were used,
sistent metabolic occunence. We then conducted a series of
studies on 17 patients wifli isolated severe head injury. These pa- and p values are from the analysis of covariance. Partial conelation coefficients, ie, flie conelation between two variables adtients were studied for a mean of 16.4 days after hospital admisjusted by patient number and day, were calculated for niti-ogen
sion to determine the effect of various levels of protein and calbalance, nonprotein calories, nitrogen intake, and nitrogen exorie intake on nitrogen sparing and nitrogen balance (8). Protein
cretion. Since the conelation of nonprotein calories to nitrogen
catabolism has been believed to be reduced by caloric intake at
balance and nitrogen excretion appeared to be related to nitrogen
optimal levels. Protein conservation or nitrogen sparing is typ-
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Table 5
Overall Daily Means for 17 Brain-Injured Patients
Mean Daily Nitrogen
Mean keal
Intake
(%BEE)

Intake

Excretion

Balance

Days

(s)

(g)

(g)

< 0.50

70

0.50-1.00

2S

1.00-1.50

61

1.50-1.75

36

1.75-2.00

63

> 2.0

21

Overall

279

0.75
( ± 0.19)
7.25
( ± 0,69)
13.21
( ± 0.52)
17.47
( ± 0.93)
20.79
( ± 0.79)
22.66
( ± 1.15)
12.50
( ± 0.55)

16.03
( ± 1.09)
21.63
( ± 2.03)
23.40
( ± 1.43)
25.66
( ± 1.46)
22.10
( ± 1.18)
23.76
( ± 1.73)
21.40
( ± 0.61)

- 15.30
( ± 1.04)
-14,73
( ± 1.79)
-11.23
( ± 1.18)
-8.18
(± 1.46)
-3.06
( ± 0.83)
- I.I2
( ± 1.12)
-9.16
( ± 0.58)

Partial Correlation
Coefficient
kcal-N2 Excreted

P
Value

0.268

0.08

0.521

0.48

-0.231

0.23

-0.298

0.52

0.316

0.07

0.484

0.68

BEE — basal energy expenditure.

Table 6
Partial Correlation Coefficient (PCC) for Paired Variables
Adjusted for Patient Number and Day
Variables
Nitrogen excretion

PCC

Nitrogen intake
0.13
Nonprotein keal intake
0.10
Total keal intake
-O.OI
Nitrogen balance
Nitrogen intake
0.54
Nonprotein keal intake
0.50
Total keal intake
0.12
Partial Correlation Coefficients (PCC) for Paired Variables
Adjusted for Patient Number, Day. and Nitrogen Balance
Variables
PCC
Nitrogen balance, nonprotein keal intake
0.12
Nitrogen excretion, nonprotein keal intake
-0.01

p Value
0.04
O.U
0.88
0,001
O.OOI
0.06

p Value
0.06
0.88

intake, a second set of conelations was sought with an adjustment for nitrogen intake.
When partial conelation coefficients were calculated by
group between total calorie intake and nitrogen excretion, there
were no significant correlations at the 95% confidence level
(Table 6). There were also no significant conelations between
nitrogen excretion and nitrogen intake or nonprotein calorie intake. Nitrogen balance, however, was significantiy conelated
with nitrogen intake, nonprotein calorie intake, and total calorie
intake. In other words, as calorie intake increased, so did the
intake of protein, which resulted in a reduction in net nitrogen
losses.
The data plot of urea nitrogen excretion versus fractional
basal energy intake graphically illustrates the lack of conelation
between caloric intake and nitrogen excretion. Note the preponderance of excretion levels greater than 20 g/day. About 20% of
the nitrogen excretions were greater than 30 g/24 hr (Fig 6).
We concluded from these data that nitrogen sparing or a reduction in protein oxidation after severe brain injury is not
achieved by calorie intakes up to and beyond twice the calculated BEE. Nitrogen balance or a reduction in net nitrogen
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Fig 6—Data plot of nitrogen excretion and calorie intake after
brain injury.

losses, however, is apparently possible at levels of nitrogen intake exceeding the rate of protein catabolism.

Discussion
Severe head injury results in a massive systemic and metabolic insult. In addition to hypermetabolism (1,3), increased
sympathetic activity and high circulating catecholamine levels
after brain injury may result in hyperglycemia, myocardial necrosis, hyperthermia, and electrocardiographic abnormalities
(12,13). Increased urinary excretion of epinephrine and norepinephrine after head injury was first noted by Haider in 1975
(14). More recently, patients with isolated head injuries were
found to have seram norepinephrine levels as high as seven
times that of normal levels (15). These seram catecholamine elevations were proportional to the depth of coma using the
Glasgow Coma Scale. A relationship was found to exist between
postinjury catecholamine elevations and sympathetic activity.
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patients and particularly severely brain-injured patients. The
which resulted in hypermetabolic tissue catabolism and negative
concept of protein-sparing in response to calorie adminisfi-ation
nitrogen balance. Indirect calorimetry performed on brainhas been a generally accepted concept since the work of Gamble
injured patients further supports this conclusion with mean
in the 1930s (19). Yet we have shown that protein-sparing in reoxygen consumption rates between 170% and 200% of normal
sponse to calories does not occur in the head-injured patient.
infliefirsttiireeweeks postinjury (16).
Similar smdies to support or refute flie general concept of proThe severity and particularly the duration of these metabolic
tein sparing in other stress states are not known to us. There is,
changes were more marked than in ordinaryti-aumawith slight
however, an accumulating body of work suggesting that the
hypermetabolism persisting for one year foUowing injury (16).
branched chain amino acids may influence protein catabolism.
Decerebrate patients have been found to require up to 5000
Obviously much work remains to be done in this area.
kcal/24 hr during decerebrate and decorticate posmring. This
On flie specific problem of brain injury, fliere are many uncalorie demand rivals any other known state of elevated energy
knowns. For example, it is not clear if the patient who has susexpenditure (17). Previous studies have not cleariy defined
tained a severe stroke has a sti-ess response of the same magniwhether steroids were used. In ourfirstcited study, steroids were
fiide as the patient with severe 0-aumatic brain injury. Similarly,
routinely used and then completely abandoned in the second
it is not known if early nutiitional support can improvetiieprogcited study. The use of steroids in the first invesrigation did
nosis in sti-oke patients. One exciting concept to emerge from
not result in greater niti-ogen losses. More recent oxygen conthe studies of catecholamines and serotonin levels in brain injury
sumption smdies by Ott et al performed on nonsteroid-treated
is flie notionfliatnutiitional substi-ate administiration can be used
head-injured patients have confirmed hypermetabolism as a
to manipulate levels of these amines. Our pilot data suggest that
consequence of brain injury (18). In fliis series, the energy renutiitional support can be used to modify monoamine metaboquirements and niti-ogen excretion levels of nonsteroid-ti-eated
lism in the brain-injured patient.
patients were indistinguishable from those of their steroidTheflu^eeclinical studies reviewed formfliebasis for changes
treated counterparts, contradicting the notion that posthead inin
supportive dierapy for the head-injured patient. These studies
jury hypermetabolism is due to the widespread use of steroids.
have
also opened a number of basic science and chnical probThe work done to date clearly indicates that the rate of protein
lems
to investigation. These types of smdies promise to move
catabolism and energy expendimre, which occurs after severe
nutritional
support from the simple concept of providing nubrain injury, is excessive. Comparable niti-ogen losses have only
trients
to
the
role of defined therapy directed at manipulating
been documented in septic bum patients in direct relation to the
metabolism
as
a means of modifying clinical outcome.
percentage of body surface area burned. It is interesting that the
extreme nitrogen excretion rates and hypermetabolism seen
with head injury occurs in a population of patients with little or
notissueinjury. Failure to replace nitrogen losses and to provide
adequate calories in these patients results in large cumularive
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